Recently, laser radar as a sensor to measure distance with a forward car is widely studied. The laser radar has a characteristic that the received signal becomes to be buried in noise with increasing distance. It is difficult to measure long distance with low laser power. Then, a new type of the chaos laser radar has been studied. This laser radar is relatively resistant to noise and can simply process because of using only add calculation. However, a distance resolution of the chaos laser radar is limited by clock cycle of FPGA which is used for signal processing of the laser radar. Therefore, a new method to improve a distance resolution by a phase delay circuit is developed.
The principle of improvement in distance resolution using phase delay circuit is shown in Fig. 1 . FPGA takes in a received signal at the rising edge of a clock signal. Therefore, the received signal which returns between the rising edge of the clock and the following clock is taken at the rising edge of following clock. The received signal is delayed by the time which is divided the clock cycle T by the division number N. The delay time is incleased to 2N/T, 3N/T,…, then, distance is measured at each delay time. A received signal is taken in the following clock at a certain delay time, and the calculated distance increases by one clock. Therefore, change of 1/N of a clock cycle can be detected by averaging each calculation result, and distance resolution improves to 1/N.
The measurement system of this chaos laser rader is following. Transmitted signal is generated in FPGA. Laser diode with an average output power below 1mW is modulated by the transmitted signal in laser driver. The laser light is transformed to a parallel beam by the transmitter lens. The light is irradiated to a target, and a part of scattered light is collected on a photodiode by the receiver lens. The signal is amplified by the AGC(Auto Gain Control) amplifer. The received signal is added to the delay time in the phase delay circuit, which is controlled by FPGA. The delayed received signals are sent to FPGA, and the distance is calculated by FPGA. The distance is displayed on segment LED. A plastic corner cube reflector is used as a target.
Processing in FPGA is consisted two parts. At the transmitter, chaos signal is generated by LFSR (Linear Feedback Shift Register). At the receiver, the processing based on the measurement principle is done and the distance is calculated. The transmitted signal is moved forward by shift register synchronizing with the clock signal. Rising edge of each pulse is detected by the gate. The received signal is also moved forward by shift register, and receiver shift register output is added by a counter at the rising edge of the transmitted signal. Comparator detects the counter that has a maximum value, and the counter shows the number of delay clocks.
A distance is measured using the chaos laser radar with or without phase delay circuit. Division number of a phase delay circuit is 10. As a result, the measured distance is nearly proportional to the actual one up to 95m. Withnot the phase delay circuit, the average of the absolute error up to 65m is 1m. An absolute error over 70m is a large value of about 10m. With the phase delay circuit, the average of the absolute error up to 65m is 0.25m, and is smaller than that without phase delay circuit. In order to confirm improvement in distance resolution, measured distances at interval of 0.15m in 5m-10m are shown in Fig.2 . The measured distance without phase delay circuit is changing at intervals of 1.5m. The measured distance with phase delay circuit is changing at intervals of 0.15m and is proportional to the actual one.
Using a phase delay circuit, distance resolution improved to 1/10. Recently, laser radar as a sensor to measure distance with a forward car is widely studied. The laser radar has a characteristic that the received signal becomes to be buried in noise with increasing distance. It is difficult to measure long distance with low laser power. Then, a new type of the chaos laser radar has been studied. This laser radar is relatively resistant to noise and can simply process because of using only add calculation. However, a distance resolution of the chaos laser radar is limited by clock cycle of FPGA which is used for signal processing of the laser radar. Therefore, a new method to improve a distance resolution by a phase delay circuit is developed. As a result, the distance resolution of chaos laser radar is improved to 1/10 using phase delay circuit. 
